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:RUOGHQHUJ\GHPDQGLVLQFHVVDQWDQGIURPWKHDWWHQWLRQWRFOLPDWHFKDQJHSUHYHQWLRQLQWKHODVWGHFDGHQRWRQO\
LQ (XURSH EXW DOO RYHU WKH ZRUOG ZH FDQ FRQFOXGH WKDW UHQHZDEOH HQHUJ\ VRXUFHV  KDYH RQH RI WKH KLJKHVW
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3DUDPHWHUV IRU QXPHULFDO FDOFXODWLRQV VXFK DV VSHFLILF KHDW FDSDFLW\ RU KHDW RI IXVLRQ DUH WDNHQ IURP VFLHQWLILF
SXEOLFDWLRQV2WKHUSDUDPHWHUVDUHPHDVXUHGE\WKHDXWKRUV(DFK3&0VSKHUHKDVLWVRZQQXPEHUZKHUHWKHVSKHUH
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ZKLFKFRQVLVWVRIWKHSDUDIILQDQGJUDSKLWHFRPSRVLWHLVPDUNHGQ VSKHUHZLWKEXUQHGVWHHOVSLUDOVLVPDUNHGQ 
SDUDIILQVSKHUHZLWKVWHHOVSLUDOVLVPDUNHGQ DQGVSKHUHZKLFKFRQVLVWVRQO\RISDUDIILQLVPDUNHGQ 
2.2. Numerical calculations 
7KHPD[LPXPHQHUJ\FDSDFLW\LQWKHH[SHULPHQWIRUHDFKLQGLYLGXDOVSKHUHFDQEHFDOFXODWHGXVLQJ(T








































6LPLODU DV LQ VROLG SKDVH FDOFXODWLRQV DUHPDGH IRU WKHRUHWLFDOPD[LPDO DFFXPXODWHG HQHUJ\ LQ OLTXLG SKDVH
6LQFH LQ WKLV H[SHULPHQW FRPSRVLWHPDWHULDOV DUHQRWJRLQJ WKURXJKSKDVH FKDQJH VSHFLILFKHDW FDSDFLW\RI VROLG
SKDVHLVXVHGVHH(T

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WKLV WLPH3&0ZLWKEHJLQQLQJ WHPSHUDWXUH7E UHDFKHVPHOWLQJ WHPSHUDWXUH7P DQG WP LV WKH WLPH LQZKLFK3&0












,W LV SRVVLEOH WR FRQFOXGH ZKDW WKH PHOWLQJ VSHHG LV EDVHG RQ H[SHULPHQWDO UHVXOWV EXW LW LV QRW SRVVLEOH WR
GHVFULEHWKHVSHHGRIWHPSHUDWXUHLQFUHDVHZKLFKDOVRFKDQJHVZLWKLQRQHSHULRG
&DOFXODWLRQVRIUHODWLYHYDOXHVDUHLPSRUWDQWEHFDXVHWKH\DOORZWRREMHFWLYHO\FRPSDUHYDOXHVXVLQJVL]HUDWH
















$QG E\ XVLQJ (T  LW LV SRVVLEOH WR FDOFXODWH UHODWLYH HQHUJ\ DFFXPXODWLRQ VSHHG 7KLV VSHHG VKRZV ZKDW
SHUFHQWDJH IURP WKH WRWDO DFFXPXODWHGHQHUJ\ LQHDFKSKDVHPDWHULDO FDQDFFXPXODWH LQRQHKRXU7KH OHQJWKRI
ODWHQWSKDVHDQGWKHDPRXQWRIHQHUJ\DFFXPXODWHGLQHDFKSKDVHGHSHQGVRQWKHSK\VLFDOSURSHUWLHVRIPDWHULDO,I
WKHWKHUPDOFRQGXFWLYLW\LVKLJKHUWKHOHQJWKRIODWHQWSKDVHLVVKRUWHU7RFRPSDUHGLIIHUHQWPDWHULDOVWKHUHODWLYH
HQHUJ\ DFFXPXODWLRQ VSHHGZKLFK VKRZVZKDW SHUFHQWDJH IURP WKH WRWDO DFFXPXODWHG HQHUJ\ LQ HDFK SKDVH IRU
VSHFLILFPDWHULDOFDQDFFXPXODWHLQRQHKRXU
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    
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    
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
5HVXOWV VKRZ WKDWPRVWRI WKHHQHUJ\ LVDFFXPXODWHGDV ODWHQWHQHUJ\ZKHQPDWHULDO LVFKDQJLQJ LWVSKDVH7R
FDOFXODWHHQHUJ\DFFXPXODWLRQRIODWHQWSKDVH(TZDVXVHG7KHVPDOOHVWHQHUJ\DFFXPXODWLRQLVKDSSHQLQJZKHQ
DOOWKHPDWHULDOKDVPHOWHGDQGSDUDIILQLVLQDOLTXLGVWDWH,QWKLVFDVHLWLVEHFDXVHRIWKHIDFWWKDWWHPSHUDWXUHRI
ZDWHU LV RQO\  GHJUHHV KLJKHU WKDQ PHOWLQJ WHPSHUDWXUH RI SDUDIILQ ,Q WKLV H[SHULPHQW PRVW HQHUJ\ ZDV
DFFXPXODWHGE\WKHWKVSKHUHZLWKMXVWSDUDIILQN-DQGVWVSKHUHZLWKJUDSKLWHN-
6LQFHWKHRUHWLFDOPD[LPDODFFXPXODWHGHQHUJ\GHSHQGVRQWKHPDVVRIWKHPDWHULDODQGLQWKLVH[SHULPHQWHDFK
VSKHUHKDVDGLIIHUHQWZHLJKW IRUDQREMHFWLYHFRPSDULVRQ WKHUHVXOWVZHUHFDOFXODWHGWR WKHLUUHVSHFWLYH UHODWLYH
YDOXHV5HODWLYHDFFXPXODWHGHQHUJ\LQHDFKVSKHUHLVVKRZQLQ7DEOH
 7DEOH5HODWLYHDFFXPXODWHGHQHUJ\
 4VROLGSKDVH 4ODWHQWSKDVH 4OLTXLGSKDVH
Q JUDSKLWH   
Q EXUQHGVWHHO   
Q VWHHO   





DPRXQW )XUWKHU VWXGLHV QHHG WR EH FDUULHG RXW WR HYDOXDWH RWKHU LPSRUWDQW 3&0SDUDPHWHUV VXFK DV KLJK WKHUPDO
FRQGXFWLYLW\ VPDOO YROXPH FKDQJHV GXULQJ SKDVH FKDQJH KLJK VSHFLILF KHDW FDSDFLW\ $OVR UHF\FOHG FRPSRVLWH
PDWHULDOVQHHGWREHVWXGLHGDQGFRPSDUHGZLWKQHZPDWHULDOVLQWHUPVRIXVLQJWKHPLQHQFDSVXODWHG3&0
&RQFOXVLRQ
0DWKHPDWLFDO FDOFXODWLRQV ZHUH XVHG WR DQDO\]H VSKHULFDOO\ HQFDSVXODWHG 3&0 HQHUJ\ DFFXPXODWLRQ DQG
LQIOXHQFHRIFRPSRVLWHPDWHULDORQDFFXPXODWHGHQHUJ\DPRXQWDQGVSHHGLQHDFKSKDVH5HF\FOHGJUDSKLWHSRZGHU
DQG PHWDOOLF PDWHULDO IURP D ORFDO HQWHUSULVH ZHUH XVHG LQ WKH H[SHULPHQWV  7KHPDLQ SUREOHPV ZLWK UHF\FOHG
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PDWHULDOVDUHWKDWWKHLUWKHUPRG\QDPLFSDUDPHWHUVDUHXQNQRZQDQGWKDWWKHLUFRPSRVLWLRQLVQRWKRPRJHQHRXVIRU
H[DPSOHPDWHULDOFDQEHFRYHUHGZLWKRLOVIURPWKHSURGXFWLRQSURFHVV0RVWRIWKHHQHUJ\LVDFFXPXODWHGLQODWHQW
SKDVH íZKLOH WKHUH LV D WHQGHQF\ZKLFKHPHUJHV WKDW D UHODWLYHO\ LQVLJQLILFDQW HQHUJ\DPRXQW LV
DFFXPXODWHG DIWHU DOO 3&0 KDV PHOWHG DQG FRPSRVLWH PDWHULDO LQIOXHQFH LQ WKLV SKDVH LV VPDOO FOHDQ SDUDIILQ
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